Co2FeAl (CFA) thin films with thickness varying from 10 nm to 115 nm have been deposited on MgO(001) substrates by magnetron sputtering and then capped by Ta or Cr layer. X-rays diffraction (XRD) revealed that the cubic [001] CFA axis is normal to the substrate and that all the CFA films exhibit full epitaxial growth. The chemical order varies from the B2 phase to the A2 phase when decreasing the thickness. Magneto-optical Kerr effect (MOKE) and vibrating sample magnetometer measurements show that, depending on the field orientation, one or two-step switchings occur. Moreover, the films present a quadratic MOKE signal increasing with the CFA thickness, due to the increasing chemical order. Ferromagnetic resonance, MOKE transverse bias initial inverse susceptibility and torque (TBIIST) measurements reveal that the in-plane anisotropy results from the superposition of a uniaxial and of a fourfold symmetry term. The fourfold anisotropy is in accord with the crystal structure of the samples and is correlated to the biaxial strain and to the chemical order present in the films. In addition, a large negative perpendicular uniaxial anisotropy is observed. Frequency and angular dependences of the FMR linewidth show two magnon scattering and mosaicity contributions, which depend on the CFA thickness. A Gilbert damping coefficient as low as 0.0011 is found.
I. INTRODUCTION
The performances of spintronic devices depend on the spin polarization of the current. Therefore, half metallic materials should be ideal compounds as high spin polarized current sources to realize a very large giant magnetoresistance, a low current density for current induced magnetization reversal, and an efficient spin injection into semiconductors. Theoretically, different kinds of materials, such as Fe 3 O 4 [1, 2], CrO 2 [3], mixed valence perovskites [4] and Heusler alloys [5, 6] , have been predicted to be half metals. Moreover, the half metallic properties in these materials have been experimentally demonstrated at low temperature. However, oxide half metals have low Curie temperature (T C ) and therefore their spin polarization is miserably low at room temperature. From this point of view, Heusler alloys are promising materials for spintronics applications, because a number of them have generally high T C [7] and therefore they may offer an alternative material choice to obtain half metallicity even at room temperature. Furthermore, their structural and electronic properties strongly depend on the crystal structure. Recently, Heusler compounds have attracted considerable experimental and theoretical interest, not only because of their half metallic behaviour but also due to magnetic shape memory and inverse magneto-caloric properties that they exhibit. One of the most important Co-based full-Heusler alloys is Co 2 FeAl (CFA). It has a high T C (T C = 1000 K) [7] and, therefore, it is promising for practical applications. Indeed, it can provide giant tunnelling magnetoresistance (360% at RT) [8, 9] when used as an electrode in magnetic tunnel junctions. Furthermore, as we illustrate in our present study, CFA presents the lowest magnetic damping parameter among Heuslers. This low damping should provide significantly lower current density required for spin-transfer torque (STT) switching, particularly important in prospective STT devices. However, the integration of CFA as a ferromagnetic electrode in spintronic devices requires a good knowledge allowing for a precise control of its magnetic properties, such as its saturation magnetization, its magnetic anisotropy, the exchange stiffness parameter, the gyromagnetic factor and the damping mechanisms monitoring its dynamic behaviour. In this paper we used X-rays diffraction (XRD), ferromagnetic resonance in microstrip line (MS-FMR) under in-plane and out of plane applied magnetic field, combined with transverse biased initial inverse susceptibility and torque (TBIIST) method, in order to perform a complete correlated analysis between structural and magnetic properties of epitaxial Co 2 FeAl thin films grown on MgO(001) substrates. In addition, a detailed study of the different relaxation mechanisms leading to the linewidth broadening is presented.
II. SAMPLES PREPARATION AND EXPERIMENTAL METHODS
CFA films were grown on MgO(001) single-crystal substrates using a magnetron sputtering system with a base pressure lower than 3 × 10 −9 Torr. Prior to the deposition of the CFA films, a 4 nm thick MgO buffer layer was grown at room temperature (RT) by rf sputtering from a MgO polycrystalline target under an Argon pressure of 15 mTorr. Next, the CFA films, with variable thick- nesses (10 nm≤ d ≤ 115 nm), were deposited at RT by dc sputtering under an Argon pressure of 1 mTorr, at a rate of 0.1 nm/s. Finally, the CFA films were capped with a MgO(4nm)/Cr(10nm) or with a MgO(4nm)/Ta(10nm) bilayer. After the growth of the stack, the structures were ex-situ annealed at 600 o C during 15 minutes in vacuum (pressure lower than 3×10 −8 Torr). The structural properties of the samples have been characterized by XRD using a four-circle diffractometer. Their magnetic dynamic properties have been studied by microstrip ferromagnetic resonance (MS-FMR).
The MS-FMR characterization was done with the help of a field modulated FMR setup using a vector network analyzer (VNA) operating in the 0.1-40 GHz frequency range. The sample (with the film side in direct contact) is mounted on 0.5 mm microstrip line connected to the VNA and to a lock-in amplifier to derive the field modulated measurements via a Schottky detector. This setup is piloted via a Labview program providing flexibility of a real time control of the magnetic field sweep direction, step and rate, real time data acquisition and visualization. It allows both frequency and field-sweeps measurements with magnetic fields up to 20 kOe applied parallel or perpendicular to the sample plane. In-plane angular dependence of resonance frequencies and fields are used to measure anisotropies. The complete analysis of in-plane and perpendicular field resonance spectra exhibiting uniform precession and perpendicular standing spin wave (PSSW) modes leads to the determination of most of the magnetic parameters: effective magnetization, gyromagnetic factor, exchange stiffness constant and anisotropy terms. In addition, the angular and the frequency dependences of the FMR linewidth are used in order to identify the relaxation mechanisms responsible of the line broadening and allow us for evaluating the parameters which monitor the intrinsic damping (Gilbert constant) and the extrinsic one (two magnon scattering, inhomogeneity, mosaïcity).
Magnetization at saturation and hysteresis loops for each sample were measured at room temperature using a vibrating sample magnetometer (VSM) and a magnetooptical Kerr effect (MOKE) system. Transverse biased initial inverse susceptibility and torque method (TBIIST) [10] has been used to study the in-plane anisotropy for comparison with MS-FMR. In this technique both a longitudinal magnetic sweep field H L (parallel to the incidence plane) and a static transverse field H B (perpendicular to the incidence plane) are applied in the plane of the film and the longitudinal reduced magnetization component m L is measured versus H L for various directions of H L with conventional magneto-optical Kerr setup. From the measured hysteresis loops m L (H L ) under transverse biased field, the initial inverse susceptibility (χ −1 ) and the field offset (δH) which are related to the second and first angle-derivative of the magnetic anisotropy, respectively, are derived. Fourier analysis of χ −1 and δH versus the applied field direction then easily resolves contributions to the magnetic anisotropy of different orders and gives the precise corresponding values of their amplitude and of their principal axes.
In order to obtain the desirable accuracy or even simply meaningful results higher-order nonlinear in m L contributions (quadratic or Voigt effect) as well as polar or other contributions to the Kerr signal are carefully determined and corrected [10] . TBIIST method surely does not have the same recognition than FMR techniques but seems to be complementary, especially for samples with a weak magnetic signal detectable with difficulty by FMR methods. Figure 1 shows the X-rays 2θ − ω diffraction patterns for CFA of different thicknesses. These XRD patterns show that, in addition to the feature arising from the (Fig. 3) . A simple elastic model allowed us for deriving the unstrained a0 cubic parameter as well as the in-plane ε and the out-of-plane ε ⊥ strains:
III. STRUCTURAL CHARACTERIZATION
where the values of the elastic constants C 11 = 253 GPa and C 12 = 165 GPa have been calculated previously [11] . Introducing the Poisson coefficient ν = C 12 /(C 11 + C 12 ) the above parameters write as: 
The cubic lattice constant a 0 does not depend upon the thickness, except for the thinner 10 nm film (Fig. 4a ), which shows a significant reduction; its value,0.5717 ± 0.0005 nm, is slightly smaller than the reported one in the bulk compound with the L2 1 structure (0.574 nm). The in-plane strain ε reveals a tensile stress originating from the mismatch with the lattice of the MgO substrate: however, its value does not exceed a few°/°°, well below the Heussler/MgO mismatch, thus excluding an efficient planar clamping. The strain ε decreases versus the thickness, at least above 40 nm (Fig. 4b) .
Odd Miller indices (e.g.: (111), (311), . . . ) are allowed for diffraction in the L2 1 phase [12] . In contrast, they are forbidden in the B2 phase, which is characterized by a total disorder between Al and Fe atoms but a regular occupation of the Co sites. In the A2 phase the chemical disorder between Fe, Co and Al sites is complete: (hkl) diffraction is only allowed for even indices subjected to h + k + l = 4n. We do not observe (111) or (311) lines and then conclude to the absence of the L2 1 phase in the studied films. In contrast, a (002) peak is observed, thus indicating that the samples do not belong to the A2 phase. However, the ratio I 002 /I 004 of the integrated intensities of the (002) and of the (004) peaks increases versus the film thickness (Fig. 3 ). This ratio is proportional to (1 − 2c) 2 , where c is the chemical disorder. Assuming that the thickest film belongs to the B2 phase (c = 0) the dependence of c upon the film thickness is shown in figure 4c: the A2 phase (c = 0.5) is almost completely achieved for the 10 nm thick sample. The reduction of a 0 in the thinner sample is probably due to its previously noticed [13] smaller value in the A2 phase compared to the B2 one.
IV. MAGNETIC PROPERTIES
The experimental magnetic data have been analyzed considering a magnetic energy density which, in addition to Zeeman, demagnetizing and exchange terms, is characterized by the following effective anisotropy contribution [14]:
In the above expression, θ M and ϕ M respectively represent the out-of-plane and the in-plane (referring to the substrate edges) angles defining the direction of the magnetization M S . ϕ u and ϕ 4 define the angles between an easy uniaxial planar axis or an easy planar fourfold axis, respectively, with respect to this substrate edge. K u , K 4 and K ⊥ are in-plane uniaxial, fourfold and out-of-plane uniaxial anisotropy constants, respectively. We introduce the effective magnetization M ef f = H ef f /4π obtained by:
As experimentally observed, the effective perpendicular anisotropy term K ⊥ (and, consequently, the effective perpendicular anisotropy field H ⊥ ), is thickness dependent: K ⊥ describes an effective perpendicular anisotropy term which writes as:
where K ⊥S refers to the perpendicular anisotropy term of the interfacial energy density. Finally we define H u = 2K u /M S and H 4 = 4K 4 /M s as the in-plane uniaxial and the fourfold anisotropy fields respectively. The resonance expressions for the frequency of the uniform and PSSW modes assuming in-plane or perpendicular applied magnetic fields are given by equations (6) and (7) respectively [14, 15] .
In the above expressions γ/2π = g × 1.397 × 10 6 s −1 .Oe −1 is the gyromagnetic factor, n is the index of the PSSW and A ex is the exchange stiffness constant.
The experimental results concerning the measured peak-to-peak FMR linewidths ∆H P P are analyzed in this work taking account of both intrinsic and extrinsic mechanisms. Therefore, in the most FMR experiments, the observed magnetic field linewidth (∆H P P ) is usually analyzed by considering four different contributions as given by equation (8) [16] [17] [18] [19] [20] [21] .
When the applied field and the magnetization are parallel, the intrinsic contribution is not angular dependent; it derives from the Gilbert damping and is given by:
(9) where f is the driven frequency and αis the Gilbert coefficient.
The relevant mechanisms [16] describing the extrinsic contributions are: 1-Mosaicity: the orientation spread of the crystallites contributes to the linewidth. Its contribution is given by:
Where ∆ϕ H is the average spread of the easy axis anisotropy direction in the film plane. It is worth to mention that for frequency dependent measurements along the easy and hard axes the partial derivatives are zero and thus the mosaicity contribution vanishes. The suffix "res" indicates that equation (10) should be evaluated at the resonance. Therefore, using equation (6) for uniform mode (n = 0), the expression of ∂H ∂ϕ H is found and then calculated using the corresponding value of H and ϕ M at the resonance.
2-Inhomogeneous residual linewidth ∆H inh present at zero frequency. This contribution is frequency and angle independent inhomogeneity related to various local fluctuations such as the value of the film thickness.
3-Two magnon scattering contribution to the linewidth. This contribution is given by [22] [23] [24] :
with: f 0 = γM ef f . The expected fourfold symmetry induces the Γ 0 and Γ 4 coefficients; the coefficient Γ 2 is phenomenogically introduced. The analysis of the variation of the resonance linewidth ∆H P P versus the frequency and the in-plane field orientation allows for evaluating α, ∆ϕ H , ∆H inh , Γ 0 , Γ 2 (and ϕ 2 ) and Γ 4 (and ϕ 4 which, from symmetry considerations, is expected to have a 0°or 45°value, depending upon the chosen sign of Γ 4 ).
A. Static properties
The magnetization at saturation measured by VSM, averaged upon all the samples has been found to be M S = 1000 ± 50 emu/cm 3 , thus providing a magnetic moment of 5.05±0.25 Bohr magneton (µ B ) per unit formula, in agreement with the previously published values for the B2 phase [7] . For all the studied films the hysteresis loops were obtained by VSM and MOKE with an inplane magnetic field applied along various orientations. Figure 5 shows representative behaviors of different CFA films. The observed shape mainly depends on the field orientation, in agreement with the expected characteristics of the magnetic anisotropy. As confirmed below, in all the studied samples this anisotropy consists into the superposition of a fourfold and of a uniaxial term showing parallel easy axes: this common axis coincides with one of the substrate edges and, consequently, with one of the < 110 > crystallographic directions of the CFA phase. It results that if an orientation (say ϕ H = 0 related to [110] ) is the easiest, the perpendicular direction ((ϕ H = 90
• ) related to [110]) is less easy. A similar situation was studied and interpreted previously [25] : it is expected to provide square hysteresis loops for ϕ H = 0
• , as evidenced in figure 5 , while in contrast, for ϕ H = 90
• , it leads to a two steps reversal, as can be seen in figure  5 . The intermediate step leads to a magnetization nearly perpendicular to the applied field. For all the studied films a two steps loop is observed for ϕ H ranging in the {55 − 130°} interval. In figure 5c the deduced coercive fields (H C ) from hysteresis loops along the easy direction (ϕ H = 0 • ) are compared for different thicknesses (10, 20, 45, 50, 70, and 115 nm). For both Cr-capped and Tacapped films HC increases linearly with the inverse of the film thickness. The Cr-capped samples present higher coercive fields due to the different interface quality.
One can also observe that MOKE hysteresis loops are not strictly centrosymmetrical (see for example Fig. 5b for ϕ H = 90
• ) indicating the superposition of symmetrical (even function of applied sweep field H L ) and antisymmetrical (odd in H L ) components in the Kerr signal. It has been shown and confirmed [26, 27] that, for inplane magnetized thin films, the antisymmetrical part observed in the m L (H L ) loops arises from the second order magneto-optical effects quadratic in magnetization. Therefore, the present study was not limited to the usual linear MOKE. We have also investigated this quadratic contribution through the study of the Kerr signal dependence upon the film orientation under a saturating inplane field. Within the cubic approximation for a (001) surface, the Kerr rotation angle writes as [27] :
Where M L and M T stand for the longitudinal (i.e.: within the incidence plane) and the transverse (i.e.: normal to the incidence plane) component of the magnetization, respectively, and where ψ is the angle of a cubic < 110 > axis with the plane of incidence. The first term describes the usual linear contribution while the following ones correspond to the quadratic MOKE (QMOKE). The experimental study was performed under an angle of incidence of 46°using a field magnitude large with respect to the anisotropy field. T ) contributions are the same within the experimental error for each sample suggesting that the applied cubic model is correct. The offset of the M L M T contribution is smaller than the amplitudes, but generally it follows the same trend as the amplitudes. As the thickness decreases the amplitudes and the offset decrease, suggesting that the chemical order progressively changes from the B2 to the A2 phase, as discussed above. Moreover, the amplitudes and offset values of CFA are comparable to those measured for Co 2 MnSi, which presents the L2 1 phase [28] . The TBIIST results are discussed in the following section, in order to allow for a comparison with the data derived from the FMR study of the dynamic properties.
B. Dynamic properties

Exchange stiffness and effective magnetization
The uniform precession and the first PSSW modes have been observed in perpendicular and in-plane applied field configurations for samples thicknesses down to 50 nm. For the thickest film (115 nm) it was even possible to observe the second PSSW. For lower sample thickness, the PSSW modes are not detected due their high frequencies over-passing the available bandwidth (0-24 GHz). Typical in-plane and perpendicular field dependences of the resonance frequencies of the uniform and PSSW modes are shown on figure 7 for the 115 nm Cr-and the 50 nm Ta-capped films. By fitting the data in figure 7 to the above presented model, the gyromagnetic factor (γ), the exchange stiffness constant (A ex ) and the effective magnetization (4πM ef f ) are extracted. The fitted γ and A ex values are 2.92 GHz/kOe and 1.5 µerg/cm, respectively: they do not depend of the studied sample. The derived exchange constant is in good agreement with the reported one by Trudel et al. [7] .
Figure 8 plots out the extracted effective magnetization 4πM ef f versus the film thickness 1/d. It can be seen that M ef f follows a linear variation. This allows to derive the perpendicular surface anisotropy coefficient K ⊥S : K ⊥S = −1.8 erg/cm 2 . The limit of 4πM ef f when 1/d tends to infinity is equal to 12.2 kOe: within the above mentioned experimental precision about the magnetization at saturation it does not differ from 4πM S . We conclude that the perpendicular anisotropy field derives from a surface energy term; being negative, it provides an out-of-plane contribution. It may originate from the magneto-elastic coupling arising from the interfacial stress due to the substrate. , resonance field (Hr), peak to peak field FMR linewidth (∆H P P ), inverse susceptibility (χ −1 ) and the field offset (δH ) of 50 nm and 20 nm thick Co2FeAl Ta-capped thin films. The TBIIST measurements were obtained using transverse static bias field HB = 200 Oe and 225 Oe respectively for 50 nm and 20 nm thick Co2FeAl films. The solid lines refer to the fit suing the above mentioned models. Figure 9 shows the angular dependences of the resonance field (at fixed frequency) and of the resonance frequency (at fixed applied field) compared to the static TBIIST measurements for three different CFA films. Both FMR and TBIIST data show that the angular behavior is governed by a superposition of uniaxial and fourfold anisotropy terms with the above-mentioned easy axes. As noticed above, the symmetry properties of the epitaxial observed films agree with the principal directions of the fourfold contribution. The fourfold and uniaxial anisotropy fields extracted from the fit of the experimental TBIIST and FMR data using the above-presented model are drawn on figure 10 and summarized in Table I : the compared results issued from the two techniques are in excellent agreement. For all the samples the fourfold anisotropy is dominant. While the uniaxial anisotropy field (H 2 ) of the Cr-capped films is small and does not seem to depend upon the thickness, in the Ta-capped films H 2 is higher, maybe due to interface effects, and is a decreasing function of the thickness (Figure 10 ). As suggested previously, we believe that the uniaxial anisotropy is induced by the stepping of the substrates, probably resulting from a small miscut along their [100] crystallographic direction corresponding to the [110] studied films. The reduced effect of the steps of the substrate when the thickness increases could then explain the thickness dependence of H 2 . However, up to now we have no completely satisfying interpretation of the presence of H 2 and of its variations versus the nature of the film capping.
Magnetic anisotropy
The fourfold anisotropy fields (H 4 ) are comparable for Cr-and Ta-capped films and decrease when their thickness increases, as seen in figure 10 . At smaller values of d (10 or 20 nm) a large increase of H 4 , up to 920 Oe, is observed. It is presumably related to the B2⇒A2 phase transition observed through X-rays diffraction. The observed symmetry argues for a magneto-crystalline contribution, which, as previously observed [29, 30] , would be higher in phase A2 than in phase B2.
FMR linewidth
In figure 9, the FMR peak to peak linewidth ((∆H P P ) is plotted as a function of the field angle ϕ H for the 50 nm and 20 nm Ta-capped CFA films using three driving frequencies: 6, 8, and 9 GHz.∆H P P is defined as the field difference between the extrema of the sweepfield measured FMR spectra. All the other samples show a qualitatively similar behaviour to one of the samples presented here. The positions of the extrema depend on the sample. The observed pronounced anisotropy of the linewidth cannot be due to the Gilbert damping contribution, which is expected to be isotropic, and must be due to additional extrinsic damping mechanisms. In the 50 nm thick sample, the ∆H P P angular variation shows a perfect fourfold symmetry (in agreement with the variation of the resonance position). Such behaviour is characteristic of two magnon scattering. This effect is correlated to the presence of defects preferentially oriented along specific crystallographic directions, thus leading to an asymmetry (see equation (11)). Concerning the 20 nm thick film, the in-plane angular dependence of ∆H P P is less simple and shows eight maxima, that is expected from a mosaicity driven linewidth broadening. It can be Frequency (GHz) Figure 11 : (Colour online) Frequency dependence of the easy axis (ϕH = 0) peak to peak field FMR linewidth (∆H P P ) for Co2FeAl thin. The solid lines refer to the fit using equations (8-11).
seen that a smaller fourfold symmetry (four maxima) is superimposed on the eight maxima, indicating that two magnon scattering is still present. Therefore, the entire angular dependence of the FMR linewidth in our samples can be explained as resulting of the four contributions appearing in equation (8).
In figure 11 , ∆H P P for the field parallel to an easy axis and a hard axis (ϕ H = 45°for 10 nm thick sample) of the fourfold anisotropy is plotted as a function of driving frequency for all samples. An apparently extrinsic contribution to linewidth was observed, which increased with decreasing film thickness. It should be mentioned that the observed linear increase of the linewidth with frequency in figure 11 maybe due to Gilbert damping but other relaxation mechanisms can lead to such linear behaviour. Therefore, only an effective damping parameter α ef f can be extracted from the slope of the curves and ranges between about 0.00154 for the easy axis of the 50 nm thick film and 0.0068 for easy axis the thinnest film. The pertinent parameters could thus be, in principle derived from the conjointly analysis of the frequency and angular dependence of ∆H P P . However, due to the limited experimental precision, some additional hypotheses are necessary in order to allow for a complete determination of the whole set of parameters describing the intrinsic Gilbert damping and the two magnon damping. A detailed analysis is presented in the appendix. Using the previously reported value: α = 1.1 × 10 −3 [31], which is in agreement with our experimental results, we were able to Γ 0 for each film. Γ 0 , Γ 2 ,Γ 4 , ϕ 2 , ϕ 4 are listed in Table II which also contains the parameters describing the damping effects of the mosaïcity (∆ϕ H ) and of the inhomogeneity contribution (∆H inh ). The two magnon and the mosaïcity (∆ϕ H ) contributions to ∆H P P increase when the thickness decreases, probably due to the progressive above reported loss of chemical order. The increase of the residual inhomogeneities linewidth (∆H inh ) with the thickness is most probably due the increase of defects and roughness. The uniaxial term Γ 2 is observed only in the thinnest (20 and 10 nm) samples. As expected, ϕ 4 = 0, but the sign of Γ 4 is sample dependent. Finally, it is important to notice that the very low value of the intrinsic damping in the studied samples allows for investigating the extrinsic contributions.
V. CONCLUSION
Co2FeAl films of various thicknesses (10 nm≤ d ≤ 115 nm)) were prepared by sputtering on a (001) MgO substrate. They show full epitaxial growth with chemical order changing from B2 to A2 phase as thickness decreases. MOKE and VSM hysteresis loops obtained with different field orientations revealed that, depending on the direction of the in-plane applied field, two or one jump switching occur, due to the superposition of uniaxial and fourfold anisotropies. The samples present a quadratic MOKE contribution with decreasing amplitudes as the CFA thickness decreases. The microstrip ferromagnetic resonance (MS-FMR) and the transverse biased initial inverse susceptibility and torque (TBIIST) methods have been used to study the dynamic properties and the anisotropy. The in-plane anisotropy presents two contributions, showing a fourfold and a twofold axial symmetry, respectively. A good agreement concerning the relevant in-plane anisotropy parameters deduced from the fit of MS-FMR and TBIIST measurements has been obtained. The fourfold in-plane field shows a thickness dependence behavior correlated to the thickness dependence of the chemical order and strain in samples. The angular and frequency dependences of the FMR linewidth are governed by two magnon scattering, mosaïcity and by a sample independent Gilbert damping equal to 0.0011
Appendix
In the section dealing with the discussion of the FMR linewidth measurements we stated that the conjointly analysis of the frequency and angular dependence of ∆H P P does not allow for the determination of all the parameters given in equation (8) and additional hypothesis should be done. The aim of this appendix is to clarify the manner in which the parameters summarized in Table  II is done. For most of the exploitable measurements the microwave frequency f during the ∆H P P measurements is not larger than f 0 and generally smaller (f 0 varies from 18.5 to 28.5 GHz, depending on the film thickness). It then results that the two magnon damping is practically proportional to f and that the sum of the Gilbert and of the two magnon damping terms reads as (see equations (9) and (11)):
It is not possible to completely identify the respective contributions of the Gilbert and of the two magnon damping, only according to equation (13). The quasilinear variation versus the frequency (Fig. 11 ) observed for ∆H P P allows for defining an effective damping parameter α ef f , which, is angle dependent due to two magnon scattering. The experimentally derived coefficient α ef f , from the linear fit of data presented in figure  11 , varies from 0.0068 to 0.00154. Furthermore, the measured angular variation of the linewidth allows for evaluating (Γ 2 , ϕ 2 ) and (Γ 4 , ϕ 4 ) but, concerning the isotropic terms appearing in equation (13), only the sum α+ √ 3Γ0 2H ef f can be derived. However, remembering that α cannot be negative, the maximal available value of Γ 0 (corresponding to α = 0 ) is easily found. Moreover, a lowest value can be obtained for Γ 0 noticing that equation (13) can also be written:
where the adequate third and the fourth terms represent the twofold and the fourfold contributions, which take into account that both of them are necessarily nonnegative for any value of ϕ H . The additional residual two magnon isotropic contribution cannot be negative. Hence: Γ 0 > |Γ 2 | + |Γ 4 |.
Introducing this minimal accessible value of Γ 0 , (|Γ 2 |+ |Γ 4 | ), the maximal value of the Gilbert coefficient α is then easily obtained. To summarize, for each sample the experimental data provide the allowed intervals for α and for [31] has concluded to a Gilbert coefficient equal to: α = 1.1 × 10 −3 . We then stated that α = 1.1 × 10 −3 and, consequently, we were able to deduce Γ 0 for each film. Γ 0 , Γ 2 ,Γ 4 , ϕ 2 , ϕ 4 are listed in Table II which also contains the parameters describing the damping effects of the mosaïcity and of the inhomogeneity.
